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RADIO COMMUNICATION APPARATUS AND 
DC OFFSET ADJUSTMENT METHOD 

TECHNICAL FIELD 

0001. The present invention relates to a technique for cor 
recting DC offsets associated with modulation. 

BACKGROUND ART 

0002 Some radio communication apparatuses use 
quadrature modulation Such as QAM (Quadrature Amplitude 
Modulation). 
0003. Many modulation schemes that use digital circuit 
technology use analog circuits for quadrature modulation. 
Since baseband analog signals are input into the quadrature 
modulator, the input signals inevitably include offsets such as 
amplitude offsets and direct current (DC) offsets. 
0004. When a signal input into I/Q inputs of a quadrature 
modulator in a radio communication apparatus that uses 
quadrature modulation includes a DC offset, the quadrature 
modulator outputs the DC offset as a carrier component. The 
carrier component remains as carrier leak and has adverse 
effects on communication performance Such as reduction of 
reception sensitivity. In the worst case, carrier leak can cause 
a modulated wave to fail to meet specifications. 
0005 To prevent this, a technique for correcting a DC 
offset in a radio communication apparatus to reduce carrier 
leak (see JP 2007-208380A) has been proposed. JP2007 
208380A discloses a radio communication apparatus in 
which a wave modulated by a quadrature modulator at a 
transmitting side is fed back to a receiving side in the radio 
communication apparatus, a DC offset value is calculated 
from the modulated wave at the receiving side, and a signal to 
be input into the quadrature modulator at the transmitting side 
is corrected on the basis of the calculated DC offset value. 

DISCLOSURE OF THE INVENTION 

0006. At the transmitting side of a radio communication 
apparatus, DC offsets are generated mostly in a stage where a 
digital signal is converted to an analog signal and input into 
the quadrature modulator. A modulated wave is fed back from 
the transmitting side to a receiving side and a DC offset 
detected at the receiving side is corrected at the transmitting 
side in order for the transmitting side itself to correct the DC 
offset generated at the transmitting side. 
0007. However, in the configuration disclosed in JP2007 
208380A which uses the feedback, the sum of a DC offset 
generated at the transmitting side and a DC offset generated in 
another stage may be corrected at the transmitting side. For 
example, in a radio communication apparatus in which the 
quadrature demodulator of the receiving side as well as the 
quadrature modulator at the transmitting side is an analog 
circuit, a DC offset is also generated in a stage where an 
analog signal output from the quadrature demodulator at the 
receiving side is converted to a digital signal. 
0008. However, the radio communication apparatus dis 
closed in JP2007-208380A does not distinguish a DC offset 
generated at the transmitting side from a DC offset generated 
in another stage. Accordingly, an input signal input to the 
quadrature modulator at the transmitting side is adjusted by 
using the Sum of a DC offset generated at the transmitting side 
and a DC offset generated at the receiving side. Accordingly, 
a large adjustment error can result. 
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0009. In another method, a measuring circuit such as a 
spectrum analyzer is used instead of a receiving-side circuit to 
measure a modulated wave generated at the transmitting side 
while a DC offset is manually corrected. The method requires 
much time for adjusting each individual apparatus and 
increases costs. 
0010. An object of the present invention is to provide a 
radio communication apparatus and a DC offset adjustment 
method capable of readily correcting a DC offset generated at 
a transmitting side. 
0011 To achieve the object, a radio communication appa 
ratus according to one aspect of the present invention 
includes: 
0012 quadrature modulation means for quadrature 
modulating an outgoing signal by using a carrier wave with a 
frequency different from a frequency at a receiving side dur 
ing carrier leak adjustment; 
0013 feedback means for feeding a modulated wave 
resulting from quadrature modulation by the quadrature 
modulation means back to the receiving side; 
0014 quadrature demodulation means for quadrature-de 
modulating the modulated wave fed back by the feedback 
means, 
0015 phase locking means for locking a phase of a signal 
resulting from quadrature demodulation by the quadrature 
demodulating means to match the phase to phase at the trans 
mitting side; 
0016 offset detection means for detecting a direct-current 
offset by time-averaging the signal with a phase locked by the 
phase locking means; and 
0017 first offset adjustment means for, on the basis of the 
value of the direct-current offset detected by the offset detec 
tion means, correcting a direct-current offset of the outgoing 
signal to be quadrature-modulated by the quadrature modu 
lation means. 
0018 ADC offset adjustment method for adjusting a DC 
offset within an apparatus according to another aspect of the 
present invention includes: 
0019 at a transmitting side, 
0020 quadrature-modulating an outgoing signal by using 
a carrier wave having a frequency different from a frequency 
at a receiving side during carrier leak adjustment; and 
0021 feeding a modulated wave resulting from the 
quadrature modulation back to the receiving side; 
0022 at the receiving side, 
0023 quadrature-demodulating the fed back modulated 
Wave; 
0024 locking a phase of a signal resulting from the 
quadrature demodulation to match the phase of the signal to a 
phase at the transmitting side; and 
0025 detecting a direct-current offset by time-averaging 
the phase locked signal; and at the transmitting side, 
0026 correcting, on the basis of the value of the direct 
current offset detected at the receiving side, a direct-current 
offset of the outgoing signal to be quadrature-modulated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0027 FIG. 1 is a block diagram illustrating a configuration 
of a radio communication apparatus according to an exem 
plary embodiment; 
0028 FIG. 2 is a block diagram illustrating a configuration 
of a radio communication apparatus in a first example: 
0029 FIG. 3 is a diagram illustrating a specific configu 
ration of an offset adjuster 24; 
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0030 FIG. 4 is a diagram illustrating a specific configu 
ration of an automatic DC offset adjuster 34; 
0031 FIG. 5 is a flowchart illustrating an operation of the 
radio communication apparatus during carrier leak adjust 
ment, 
0032 FIG. 6 illustrates a constellation of a signal input 
into automatic DC offset adjusters 34a, 34b, 
0033 FIG. 7 illustrates a constellation of a signal input 
into automatic DC offset adjusters 36a, 36b, 
0034 FIG. 8 is a block diagram illustrating a configuration 
of a radio communication apparatus in a second example: 
0035 FIG.9 is a block diagram illustrating a configuration 
of a radio communication apparatus in a third example; and 
0036 FIG. 10 is a block diagram illustrating a configura 
tion of a QAM demapping circuit. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0037. An exemplary embodiment of the present invention 
will be described in detail with reference to drawings. 
0038 FIG. 1 is a block diagram illustrating a configuration 
of a radio communication apparatus according to an exem 
plary embodiment. Referring to FIG. 1, the radio communi 
cation apparatus includes offset adjuster 10, quadrature 
modulator 11, and local oscillator 12 at its transmitting side 
and includes quadrature demodulator 14, local oscillator 15, 
phase locker 16, and offset detector 17 at its receiving side. 
The radio communication apparatus further includes feed 
back circuit 13 feeding back an outgoing modulated wave to 
a receiving side and has the function of correcting a DC offset 
generated at the transmitting side on the basis of the value of 
a DC offset detected at the receiving side. The DC offset 
adjustment will be hereinafter referred to as “carrier leak 
adjustment'. 
0039 Offset adjuster 10 adjusts a DC offset of an outgoing 
signal input into quadrature modulator 11 on the basis of the 
value of a DC offset detected by offset detector 17 at the 
receiving side during carrier leak adjustment. 
0040. Quadrature modulator 11 quadrature-modulates the 
input outgoing signal by using a carrier wave from local 
oscillator 12 and outputs a resulting modulated outgoing 
wave. The modulated outgoing wave output from quadrature 
modulator 11 is input into feedback circuit 13. 
0041 Local oscillator 12 generates a carrier wave used in 
quadrature modulation at quadrature modulator 11. Local 
oscillator 12 is a variable-frequency oscillator which outputs 
a carrier wave having a frequency that varies depending on 
whether or not the outgoing modulated wave is to be fed back 
for carrier leak adjustment before transmission to its destina 
tion. The frequency of a carrier wave to be sent to the desti 
nation without modulated-wave feedback is a normal com 
munication frequency which is the same as that of a carrier 
wave generated by local oscillator 15 at the receiving side. On 
the other hand, the frequency for carrier leak adjustment 
differs from the frequency used in normal communication by 
a predetermined value. 
0042. Feedback circuit 13 feeds an outgoing modulated 
wave provided from quadrature modulator 11 at the transmit 
ting side back to quadrature demodulator 14 at the receiving 
side when carrier leak adjustment is performed. 
0043 Quadrature demodulator 14 quadrature-demodu 
lates a modulated wave provided from feedback circuit 13 by 
using a carrier wave from local oscillator 15 and sends the 
resulting demodulated signal to phase locker 16. An incoming 
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signal input to phase locker 16 when an outgoing modulated 
wave is fed back by feedback circuit 13 for carrier leakadjust 
ment may potentially contain, in addition to a DC offset 
generated at an input to quadrature modulator 11 at the trans 
mitting side, a DC offset generated in another stage. 
0044 Phase locker 16 locks the phase of an input signal to 
match the phase to phase at the transmitting side and inputs 
the resulting signal into offset detector 17. 
0045. Offset detector 17 time-averages the signal from 
phase locker 16 to detect a DC offset and notifies the value of 
the DC offset to offset adjuster 10 at the transmitting side. 
Since the phase of a DC offset component generated at the 
transmitting side is locked by phase locker 16, the component 
is not lost by time averaging and is detected by offset detector 
17. 

0046. In the present exemplary embodiment, the fre 
quency of local oscillator 12 at the transmitting side and the 
frequency of local oscillator 15 at the receiving side are set to 
values different from each other and an outgoing modulated 
wave output from quadrature modulator 11 at transmitting 
side is fedback to quadrature demodulator 14 at the receiving 
side. At the receiving side, phase locker 16 locks the phase of 
the output from the quadrature demodulator 14 and offset 
detector 17 time-averages the output from the phase locker 17 
to detect a DC offset generated at the transmitting side. At the 
transmitting side, the DC offset of the input of quadrature 
modulator 11 detected by the offset detector 17 is corrected. 
Specifically, the quadrature modulation frequency at the 
transmitting side is set to a value different from the quadrature 
modulation frequency at the receiving side, the phase of a 
quadrature-modulated signal is locked and the time average is 
calculated to detect a DC offset. Based on the detected DC 
offset, a DC offset of an input into the quadrature modulation 
at the transmitting side is corrected. Thus, according to the 
present invention, a DC offset generated at the transmitting 
side can be readily corrected. 
0047 The radio communication apparatus according to 
the present exemplary embodiment may further include a 
controller which controls the sequence of the frequency con 
version by local oscillator 12 at the transmitting side, the 
setting offeedback at feedback circuit 13, and the notification 
of a DC offset detected by offset detector 17 at the receiving 
side to offset adjuster 10 at the transmitting side. 
0048. Another offset adjuster may be provided between 
quadrature modulator 15 and phase locker 16 of the present 
exemplary embodiment. The offset adjuster may calculate the 
time average of signals from quadrature modulator 15 to 
detect a DC offset and correct the DC offset. Since the fre 
quency of local oscillator 12 at the transmitting side and the 
frequency of local oscillator 15 at the receiving side differ 
from each other, the phase of a DC offset generated at the 
transmitting side rotates before the phase is locked by phase 
locker 16. By correcting the DC offset by using the time 
average value at this stage, the DC offset with the phase 
locked in the phase of the carrier wave of local oscillator 15 at 
the receiving side can be removed in advance. 
0049 Phase locker 16 of the present exemplary embodi 
ment may be a carrier recovery circuit implemented by a PLL 
(Phase-Locked Loop), for example. Offset detector 17 may 
be an offset adjustment circuit for correcting a DC offset of a 
signal after carrier recovery. In that case, offset detector 17 
(offset adjustment circuit) itself may correct a DC offset and 
notify the corrected value to offset adjuster 10. This can 
eliminate the need for provision of a dedicated measuring 
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circuit for DC offset adjustment at the transmitting side of the 
radio communication apparatus, preventing increase of the 
circuit size. 
0050. Offset adjuster 10, quadrature modulator 11, 
quadrature demodulator 14, the PLL implementing phase 
locker 16, and offset adjustment circuit implementing offset 
detector 17 may be implemented as an integrated circuit and 
DC offset adjustment may be performed by digital process 
1ng. 
0051 While the present exemplary embodiment has been 
described with respect to an example in which variable-fre 
quency local oscillator 12 is provided at the transmitting side 
and local oscillator 12 generates a carrier wave with a fre 
quency different from the frequency of a carrier wave gener 
ated by local oscillator 15 at the receiving side during carrier 
leak adjustment, the present invention is not limited to this. A 
local oscillator for normal operation and a local oscillator for 
carrier leak adjustment may be provided at the transmitting 
side and Switching may be made between the two local oscil 
lators. 
0052 While the present exemplary embodiment has been 
described with respect to an example in which the frequency 
of a carrier wave at the transmitting side is changed when 
carrier leak adjustment is performed, the present invention is 
not limited to this. The frequency of a carrier wave at the 
receiving side may be changed when charier leak adjustment 
is performed. 

First Example 
0053 Specific examples of the present exemplary 
embodiment will be described. 
0054 FIG. 2 is a block diagram illustrating a configuration 
of a radio communication apparatus in a first example. Refer 
ring to FIG. 2, the radio communication apparatus includes 
pattern generator 21, switch 22, filter 23, offset adjusters 24a 
and 24b, DA converters 25a and 25b, quadrature modulator 
26, local oscillator 27, switch 28, directional coupler 29, 
antenna 30, local oscillator 31, quadrature demodulator 32, 
AD converters 33a and 33b, automatic DC offset adjusters 
34a and 34b, complex multiplier 35, automatic DC offset 
adjusters 36a and 36b, carrier phase detector 37, loop filter 
38, numerical control oscillator 39, pattern detector 40, and 
controller 41. 
0055 Pattern generator 21 outputs a predetermined test 
signal during carrier leak adjustment. The test signal has, for 
example, a random pattern without a DC component. It is 
assumed in the present example that the QAM modulation 
scheme is used. Accordingly, pattern generator 21 outputs I 
and Q signals, which can be obtained by QAM mapping of 
pattern data. The signals are modulated at the transmitting 
side of the radio communication apparatus and demodulated 
at the receiving side of the radio communication apparatus. 
Therefore, preferably a known signal sequence whose pattern 
can be detected at the receiving side is used as the pattern data. 
For example, preferably a pseudorandom number signal Such 
as an M sequence is used and is QAM mapped. Signals output 
from pattern generator 21 are coupled to Switch 2. 
0056. A signal input into the radio communication appa 
ratus and a signal from pattern generator 21 are coupled to 
Switch 22, which selects and outputs one of the signals 
according to a control signal from controller 41. Switch 22 
selects a signal input from an external source into the radio 
communication apparatus during normal communication and 
selects a signal provided from pattern generator 21 during 
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carrier leak adjustment. In FIG. 2, switch 22 is in the carrier 
leak adjustment position. That is, position A is selected. 
0057 Filter 23 shapes the waveform of a signal input 
through Switch 22 and outputs the resulting signal. Since filter 
23 determines the shape of the transmission spectrum, a filter 
having a property that provides a spectrum shape required by 
the system is used as filter 23. Typically, a digital filter is used. 
The shape of spectrum can be determined by controlling the 
tap coefficient of the digital filter. The outputs of filter 23 are 
connected to offset adjusters 4. 
0.058 Offset adjusters 24a and 24b have the function of 
imparting a DC offset to a signal from filter 23. Offset adjuster 
24a is used for an I channel whereas offset adjuster 24b is 
used for a Q channel. Offset adjusters 24a and 24b have the 
same configuration but adjust DC offsets of I and Q channels 
independently of each other. Accordingly, separate DC offset 
signals are input from controller 41 into offset adjusters 24a 
and 24b. 
0059 FIG. 3 illustrates a specific configuration of offset 
adjuster 24. Referring to FIG. 3, adder 42 adds a signal from 
filter 23 (SIGNAL INPUT in FIG. 3) and a DC offset signal 
(CORRECTION INPUT in FIG. 3) from controller 41 
together. The addition cancels the DC offset contained in the 
input of quadrature modulator 26. 
0060 DA converters 25a and 25b convert digital signals 
from offset adjusters 24a and 24b, respectively, to analog 
signals and send the analog signals to quadrature modulator 
26. DA converter 25a is used for the I channel whereas DA 
converter 25b is used for the Q channel. 
0061 Quadrature modulator 26 uses a carrier wave from 
local oscillator 27 to quadrature-modulate analog baseband 
signals resulting from DA (digital-analog) conversion by DA 
converters 25a and 25b. 
0062 Local oscillator 27 generates a carrier wave used for 
quadrature modulation. Local oscillator 27 is a variable-fre 
quency oscillator oscillating at an oscillating frequency dur 
ing carrier leak adjustment that differs from an oscillating 
frequency in normal operation. Local oscillator 27 oscillates 
normally at the same IF (Inter-Frequency) ()c as local oscil 
lator 31 at the receiving side. During carrier leak adjustment, 
on the other hand, local oscillates 27 oscillates at a frequency 
different from the frequency at which local oscillator 31 oscil 
lates by a differential frequency ()1, i.e. at a frequency of 
(coc+co1) or (coc-co1). The differential frequency (D1 is a 
deviation in carrier frequency of an input into the PLL that 
performs carrier recovery at the receiving side during carrier 
leak adjustment. Therefore, differential frequency ()1 is set to 
a small value with respect to the capture range of the PLL at 
the receiving side so that the PLL can capture the frequency. 
0063 Switch 28 changes its position between carrier leak 
adjustment operation and normal operation according to a 
control signal from controller 41. For carrier leak adjustment, 
switch 28 selects position A to feed back a signal from 
quadrature modulator 26 at the transmitting side to the 
quadrature demodulator 32 at the receiving side. For normal 
operation, on the other hand, switch 28 selects position B to 
transmit a signal from quadrature modulator 26 through 
antenna 30 and to input a signal received at antenna 30 to 
quadrature demodulator 32. 
0064 Directional coupler 29 is provided between switch 
28 and antenna 30 to couple and decouple a signal of the 
transmitting side and a signal of the receiving side. 
0065 Antenna 30 is a transmitting and receiving antenna 
which is connected to directional coupler 29. 
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0066 Local oscillator 31 generates a carrier wave having 
a frequency (Oc to be used in quadrature demodulation. 
0067 Quadrature demodulator 32 quadrature-demodu 
lates a signal from Switch 28 by using a carrier wave from 
local oscillator 31. An I signal output from quadrature 
demodulator 32 is sent to AD converter 33a whereas a Q 
signal is sent to AD converter 33b. 
0068 AD converters 33a and 33b A-D (analog-digital) 
convert analog baseband signals of two channels, I and Q. 
respectively, resulting from quadrature demodulation by 
quadrature demodulator 32 to digital signals. AD converter 
33a is used for the I channel and AD converter 35b is used for 
the Q channel. 
0069. Automatic DC offset adjusters 34a and 34b receive 
signals from AD converters 33a and 33b, respectively. Sig 
nals input in automatic DC offset adjusters 34a and 34b 
during carrier leak adjustment contain DC offsets generated 
at the transmitting side and DC offsets generated at the receiv 
ing side. Automatic DC offset adjusters 34a and 34b mainly 
correct DC offsets generated at the receiving side. 
0070 FIG. 4 illustrates a specific configuration of auto 
matic DC offset adjuster 34. Referring to FIG.4, gain adjuster 
44 which receives a signal input through adder 43 and inte 
grator 45 which receives an output from gain adjuster 44 
detect a DC offset, which is a time-average value. The signal 
of the DC offset is output from integrator 45 to adder 43. 
0071. During carrier leak adjustment, the frequency of 
local oscillator 27 at the transmitting side and the frequency 
of local oscillator 32 at the receiving side differ from each 
other and therefore a DC offset component generated at the 
transmitting side appears at the inputs of offset adjusters 34a 
and 34b as components with rotated phases. The components 
with rotated phases are negated by time-averaging. 
0072. Adder 43 adds a signal (SIGNAL INPUT in the 
figure) from AD converter 33 and a signal equivalent to a DC 
offset from integrator 45 together. 
0073. Since the signal input is a random signal, the average 
value of the signal would be 0 if the signal did not contain a 
DC offset. However, if the signal contains a DC offset, the 
average will deviate from 0. The deviation is detected by 
integrator 45. A DC offset contained in the signal input that 
has been generated at the receiving side appears in the average 
value and therefore is negated whereas a DC offset generated 
at the transmitting side is not corrected but remains. 
0.074 The correction time constant at automatic DC offset 
adjuster 34 can be determined by controlling the amplitude of 
the signal input from gain adjuster 44 to integrator 24. 
0075 Complex multiplier 35, carrier phase detector 37, 
loop filter 38 and numerical control oscillator 39 constitute a 
carrier recovery PLL. 
0076 Carrier phase detector 37 detects a carrier phase 
shift (phase error) from the positions of signal points of sig 
nals output from automatic DC offset adjusters 36a and 36b. 
Loop filter 38 integrates phase errors detected by carrier 
phase detector 17 to detect a frequency drift amount. A signal 
indicating the frequency drift amount detected by loop filter 
38 is input into numerical control oscillator 39. Numerical 
control oscillator 39 oscillates at a frequency indicated by the 
signal input from loop filter 38. Numerical control oscillator 
39 outputs a sine wave signal and a cosine wave signal 
required by the complex multiplier 35. Complex multiplier 35 
uses a signal (phase rotation signal) from numerical control 
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oscillator 39 to impart phase rotation to input signals from 
automatic DC offset adjusters 34a and 34b, thereby locking 
the carrier phase. 
(0077. Automatic DC offset adjusters 36a and 36b have the 
same configuration as automatic DC offset adjusters 34a and 
34b illustrated in FIG. 4. However, automatic DC offset 
adjusters 36a and 36b differ from automatic DC offset adjust 
ers 34a and 34b in that automatic DC offset adjusters 36a and 
36b send signals of DC offsets output from integrator 45 to 
controller 41 as well. Automatic DC offset adjusters 36a and 
36b correct DC offsets contained in outputs from complex 
multiplier 35 and output corrected I and Q signals to the 
outside world and also send them to pattern detector 40 and 
carrier phase detector 37. 
0078 Pattern detector circuit 40 detects a signal sent from 
pattern generator 21 at the transmitting side from outputs 
from automatic DC offset adjusters 36a and 36b during car 
rier leak adjustment to obtain a carrier recovery phase and 
sends it to controller 41. This can eliminate uncertainty of the 
carrier recovery phase in quadrature demodulation. 
0079 Controller 41 controls operations of the components 
described above. During carrier leak adjustment, controller 
41 controls operations of the components according to a 
predetermined procedure. Input into controller 41 are a trig 
ger signal (adjustment start signal) for initiating carrier leak 
adjustment, a signal indicating a carrier recovery phase sent 
from pattern detector 40 and signals indicating DC offset 
control values sent from automatic DC offset adjusters 16. 
Controller 41 initiates carrier leak adjustment in response to 
the adjustment start signal. During carrier leak adjustment, 
controller 41 outputs a signal for changing selection at 
Switches 22 and 28, a signal for controlling the oscillating 
frequency of local oscillator 27, and a signal indicating a DC 
offset correction value to DC offset adjusters 24a and 24b in 
order to control each component. Details of the operation will 
be described later. Upon completion of carrier leak adjust 
ment, controller 41 outputs a signal indicating the completion 
of the adjustment (adjustment end signal). 
0080 Details of the carrier leak adjustment operation per 
formed by the radio communication apparatus in the present 
example will be described below. 
I0081. Upon power-on of the radio communication appa 
ratus or in response to a carrier leak adjustment request, an 
adjustment start signal is input in controller 41, which then 
initiates carrier leak adjustment operation. 
I0082 FIG. 5 is a flowchart illustrating the operation of the 
radio communication apparatus for carrier leak adjustment. 
Referring to FIG. 5, controller 41 first makes settings for 
performing carrier leak adjustment (step 101). Specifically, 
controller 41 sends a control signal to Switch 22 to cause 
Switch 22 to select position A, thereby allowing a signal for 
adjustment to be input from pattern generator 21 into filter 23. 
Controller 41 also sends a control signal to switch 28 to cause 
switch 28 to select position A to allow a signal output from 
quadrature modulator 6 to be fedback to quadrature demodu 
lator 12. Further, controller 41 sends a control signal to local 
oscillator 27 to direct local oscillator 27 to oscillate at a preset 
frequency for carrier leak adjustment (coc+(p1). Controller 41 
sets initial values for DC offset adjusters 24a and 24b. 
I0083. Once the settings described above has been made, 
quadrature modulator 26 outputs a modulated wave resulting 
from modulation of a pattern generated by pattern generator 
21. The modulated wave includes a carrier wave component 
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(coc+c)1 or (pc-(D1) having a frequency different from a car 
rier wave generated by local oscillator 31 at receiving side by 
a differential frequency col. 
0084. The modulated wave is input into quadrature 
demodulator 32 at the receiving side through switch 28. 
Quadrature demodulator 32 quadrature-demodulates the 
modulated wave by using a carrier wave generated by local 
oscillator 31 to generate I and Q baseband signals. 
0085. A frequency offset equivalent to the difference col 
between the frequency of a carrier wave generated by local 
oscillator 27 at the transmitting side and the frequency of a 
carrier wave generated by local oscillator 31 at the receiving 
side remains in the signals output from quadrature demodu 
lator 32. Accordingly, the carrier phases of the signals output 
from quadrature demodulator 32 are rotated by colt. 
I0086. The signals output from quadrature demodulator 32 
are converted by AD converters 33a and 33b to digital signals 
and then input into the carrier recovery PLL. The rotation of 
the carrier phase is locked by the carrier recovery PLL. With 
this, the demodulation is completed. 
0087 Here, pattern detector 40 detects the pattern gener 
ated by pattern generator 21. Since there are four capture 
phases, pattern detector 40 determines which one of the cap 
ture phases is to be executed when carrier recovery is per 
formed from the position of a signal point. 
0088. In the configuration that uses analog circuits for 
both quadrature modulation and demodulation as illustrated 
in FIG. 1, DC offsets that significantly affect the result of 
demodulation can be imparted in the section between DA 
converter 25 and quadrature modulator 26 at the transmitting 
side and in the section between quadrature demodulator 32 
and AD converter 33 at receiving side. Herein, a DC offset 
generated at the transmitting side will be referred to as a first 
DC offset and a DC offset generated at the receiving side will 
be referred to as a second DC offset. 
0089 Correction of second DC offsets will be described 

first. 
0090. A phase rotation (p1t which is determined by a dif 
ference in frequency of the local oscillators remains in the 
signal output from quadrature demodulator 32. FIG. 6 illus 
trates a consternation of signals input in automatic DC offset 
adjusters 34a and 34b. Assuming that the modulation scheme 
used is QPSK, signal points appear as a circle rotating by colt 
as illustrated in FIG. 6. I and Q channel DC offsets generated 
between quadrature demodulator 32 and AD converters 33a 
and 33b appear as offsets along the I and Q axes. Conse 
quently, the center of the circle of the consternation shifts 
from the origin. The second DC offsets appearing as shifts can 
be detected by calculating the average values of the signals 
along the axes. Automatic DC offset adjusters 34a and 34b 
detect the second DC offsets and automatically adjust the 
second DC offsets. 
0091. The phase rotation of the signals from which the 
second DC offsets have been eliminated by automatic DC 
offset adjusters 34a and 34b is stopped by carrier recovery 
PLL. FIG. 7 illustrates a consternation of signals input into 
automatic DC offset adjusters 36a and 36b. First DC offsets 
of the signal phase whose rotation has stopped appear as 
offsets of signal points along the I and Qaxes as illustrated in 
FIG. 7. 

0092. The first DC offsets are corrected by automatic DC 
offset adjusters 36a and 36b. Since the second DC offsets 
generated at the receiving side have already been corrected, 
control values (detected values) at automatic DC offset 
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adjusters 36a and 36b directly represent offsets of quadrature 
modulator 26 at the transmitting side. 
0093. Each of demodulated I- and Q-axis values is a repro 
duction of any of the I and Q signals input into quadrature 
modulator 26. However, the demodulated I and Q signals 
have uncertainty because there are multiple carrier capture 
phases at 90 degrees from each other. That is, the value of the 
DC offset of each of the I and Q signals is a DC offset of any 
of the I and Q channel signals at the transmitting side or a DC 
offset of the opposite polarity. 
0094 Since local oscillator 27 at the transmitting side and 
local oscillator 31 at the receiving side differ in oscillating 
frequency, the first and second DC offsets can be distin 
guished from each other and adjusted as described above. If 
local oscillators 27 and 31 oscillate at the same frequency, the 
carrier frequency of a signal output from quadrature demodu 
lator 32 will be 0 and the relationship between the vector of 
the first DC offset and the vector of the second DC offset will 
be fixed. If this is the case, the first and second DC offsets 
cannot be distinguished from each other. 
(0095. If the frequencies of the two local oscillators 27 and 
31 differ from each other by co1, the first DC offset component 
rotates by colt in the stage before carrier recovery and there 
fore the first DC offset disappears at a point where the input 
signal is time-averaged by automatic DC offset adjuster 34. 
0096. In the stage after carrier recovery, only the first DC 
offset can be seen by automatic DC offset adjuster 36 since 
the second DC offset has been eliminated by the correction by 
automatic DC offset adjuster 34. Automatic DC offset 
adjuster 36 needs only to correct the observable, first DC 
offset. 

0097. The carrier capture phase can be determined by 
pattern detection by pattern detector 40 on the basis of which 
of the I-channel and Q-channel signals at the transmitting side 
is equivalent to each of the I-channel and Q-channel signals 
output from complex multiplier 35. Therefore, controller 41 
can obtain a control value to be provided to DC offset adjuster 
24 on the basis of the control value of automatic DC offset 
adjuster 36 and the capture phase determined by pattern 
detector 40. 

0.098 Controller 41 sets the control value at automatic DC 
offset adjuster 36thus detected for DC offset adjuster 24 at the 
transmitting side (step 102). 
(0099. Then, controller 41 waits for a period of time until 
the system becomes stable and then detects a control value at 
automatic DC offset controller 36 (step 103) and determines 
whether or not the detected control value (detected value) is 
smaller than a predetermined threshold value (step 104). 
0100 If the detected value is greater than or equal to the 
threshold value, controller 41 returns to step 102 and repeats 
the process. On the other hand, if the detected value is smaller 
than the threshold value, controller 41 determines that the first 
DC offset has been sufficiently corrected, that is, carrier leak 
has been corrected. In this case, controller 41 outputs an 
adjustment end signal to reset the settings on the components 
to the settings for normal operation (step 105). At this time 
point, switches 22 and 28 are turned to position B, which is 
the normal setting. Local oscillator 27 is set so as to oscillate 
at frequency ()c. 
0101 The sequence of operations of the radio communi 
cation apparatus illustrated in the flowchart of FIG. 5 are 
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controlled by controller 41. Controller 41 may be imple 
mented by a processor executing a software program. 

Second Example 

0102) While both the quadrature modulator and demodu 
lator are implemented by analog circuits in the first example 
illustrated in FIG. 2, quadrature demodulation in a second 
example described below is digitally performed. Since an 
analog signal output from a quadrature demodulator at the 
receiving side is not converted to a digital signal in the present 
example, inherently there is not a second DC offset. Accord 
ingly, the radio communication apparatus of the second 
example does not include equivalents to automatic DC offset 
adjusters 34a and 34b illustrated in FIG. 2. 
0103 FIG. 8 is a block diagram illustrating a configuration 
of the radio communication apparatus of the second example. 
Referring to FIG. 8, the radio communication apparatus 
includes pattern generator 21, switch 22, filter 23, offset 
adjusters 24a and 24b, DA converters 25a and 25b, quadra 
ture modulator 26, local oscillator 27, Switch 28, directional 
coupler 29, antenna 30, local oscillator 51, frequency con 
verter 52, AD converter 33, digital quadrature demodulator 
53, complex multiplier 35, automatic DC offset adjusters 36a 
and 36b, carrier phase detector 37, loop filter 38, numerical 
control oscillator 39, pattern detector 40, and controller 41. 
0104 Pattern generator 21, switch 22, filter 23, offset 
adjusters 24a and 24b, DA converters 25a and 25b, quadra 
ture modulator 26, local oscillator 27, Switch 28, directional 
coupler 29, antenna 30, complex multiplier 35, automatic DC 
offset adjusters 36a and 36b, carrier phase detector 37, loop 
filter 38, numerical control oscillator 39, pattern detector 40, 
and controller 41 are the same as those in the first example. 
0105 Local oscillator 51 generates a carrier wave having 
a frequency (Oc that is used in frequency conversion. Fre 
quency converter 53 converts the frequency of a signal from 
switch 28 by using the carrier wave from local oscillator 51. 
AD converter 33 converts the analog IF signal resulting from 
the frequency conversion by frequency converter 52 to a 
digital signal and sends the digital signal to digital quadrature 
demodulator 53. 
0106 Digital quadrature demodulator 53 quadrature-de 
modulates the input IF signal by digital processing and sends 
the resulting I-channel and Q-channel baseband signals to 
complex multiplier 35. 

Third Example 

0107. In the first example described above, pattern gen 
erator 21 which outputs a signal of a predetermined pattern 
and pattern detector 40 which detects the signal are used to 
determine a carrier capture phase. In a third example, the 
capture phase is determined in a different way. A radio com 
munication apparatus in the third example uses rotational 
symmetry mapping and differential conversion. Such a sys 
tem is often used with the QAM scheme. 
0108 FIG.9 is a block diagram illustrating a configuration 
of the radio communication apparatus of a third example. 
Referring to FIG. 9, the radio communication apparatus 
includes frame pattern inserter 61, QAM mapping circuit 62, 
differential converter 63, filter 23, offset adjusters 24a and 
24b, DA converter 25a and 25b, quadrature modulator 26, 
local oscillator 27, switch 28, directional coupler 29, antenna 
30, local oscillator 31, quadrature demodulator 32, AD con 
verters 33a and 33b, automatic DC offset adjusters 34a and 
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34b, complex multiplier 35, automatic DC offset adjusters 
36a and 36b, carrier phase detector 37, loop filter 38, numeri 
cal control oscillator 39, differential converter 64, QAM 
demapping circuit 65, frame pattern detector 66, and control 
ler 41. 
0109 Filter 23, offset adjusters 24a and 24b, DA convert 
ers 25a and 25b, quadrature modulator 26, local oscillator 27, 
switch 28, directional coupler 29, antenna 30, local oscillator 
31, quadrature demodulator 32, AD converters 33a and 33b, 
automatic DC offset adjusters 34a and 34b, complex multi 
plier 35, automatic DC offset adjusters 36a and 36b, carrier 
phase detector 37, loop filter 38, numerical control oscillator 
39, and controller 41 are the same as those in the first example 
illustrated in FIG. 2. 
0110 Frame pattern inserter 61 inserts a predetermined 
fixed pattern (frame pattern) at regular intervals in data input 
from a source external to the apparatus and that is to be 
transmitted, and provides the data to QAM mapping circuit 
62. At receiving side, the frame pattern can be detected to 
identify the frame structure of the transmission data. 
0111 QAM mapping circuit 62 maps the signal into which 
the frame pattern has been inserted to a rotational symmetry 
QAM constellation. 
0112 Differential converter 63 controls execution and 
stopping of differential conversion according to a control 
signal from controller 41. When performing differential con 
version, differential converter 63 calculates the difference 
between adjacent symbols for the top signal path mapped to 
the QAM constellation and sends the difference. The receiv 
ing side performs the reverse of the operation to eliminate 
uncertainty of carrier capture. This method is commonly used 
in the QAM scheme. When differential converter 63 does not 
perform differential conversion, differential converter 63 out 
puts an input signal as is. The output from differential con 
verter 63 is provided to filter 23. 
0113. At the receiving side, outputs from automatic DC 
offset adjusters 36a and 36b are input into differential con 
verter 64. 

0114 Differential converter 64 controls execution and 
stopping of differential conversion according to a control 
signal from controller 41. Differential converter 64 performs 
the reverse of the operation of differential converter 63 at the 
transmitting side on an input signal. The output from differ 
ential converter 64 is provided to QAM demapping circuit 65. 
0115 QAM demapping circuit 65 performs processing for 
demapping a signal mapped by QAM mapping circuit 62 at 
the transmitting side. 
0116 FIG. 10 is a block diagram illustrating a configura 
tion of the QAM demapping circuit. Referring to FIG. 10, 
QAM demapping circuit 65 includes -1 multiplier circuits 
71a and 71b and demapping circuits 72a to 72d. I- and 
Q-channel signals are input into QAM demapping circuit 65. 
0117 -1 multiplier circuit 71 multiplies an input Q-chan 
nel signal by -1.-1 multiplier 71b multiplies an input I-chan 
nel signal by -1. 
0118 Demapping circuit 72a uses the input I-channel sig 
nal as an input in the I channel and the input Q-channel signal 
as an input in the Q channel to perform processing for demap 
ping the QAM. The output from demapping circuit 72a is 
0-degree rotated data. 
0119) Demapping circuit 72b uses the input I-channel sig 
nal as an input in the Q channel and the input Q-channel signal 
multiplied by -1 as an input in the I channel to perform 
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processing for demapping the QAM. The output from demap 
ping circuit 72b is 90-degree rotated data. 
0120 Demapping circuit 72c uses the input I-channel sig 
nal multiplied by -1 as an input in the I channel and the input 
Q-channel signal multiplied by -1 as an input in the Q chan 
nel to perform processing for demapping the QAM. The 
output from demapping circuit 72c is 180-degree rotated data. 
0121 Demapping circuit 72d uses the input I-channel sig 
nal multiplied by -1 as an input in the Q channel and the input 
Q-channel signal as an input in the I channel to perform 
processing for demapping the QAM. The output from demap 
ping circuit 72d is 270-degree rotated data. 
0122) The demapped signals in the four phases output 
from demapping circuits 72a to 72d are provided to frame 
pattern detector 66. 
0123 Frame pattern detector 66 detects a frame pattern 
from the demapped signals in the four phases provided from 
QAM demapping circuit 65 and notifies the phase from which 
the frame pattern has been detected to controller 41 as the 
carrier phase. 
0.124. A carrier leak adjustment operation performed by 
the radio communication apparatus in this example will be 
described. 
0.125. When an adjustment start signal is input, controller 
41 sends a control signal to direct differential converter 63 at 
the transmitting side and differential converter 64 at the 
receiving side to stop differential conversion. The purpose of 
this is to allow the carrier recovery phase to be determined. 
Controller 41 sets initial values for offset adjusters 24a and 
24b. Furthermore, controller 41 sends a control signal to 
direct local oscillator 27 at the transmitting side to oscillate at 
a preset frequency for carrier leak adjustment ((coc+(D1) or 
(coc-()1)). Controller 41 also sends a control signal to cause 
switch 28 to select position A. 
0126 Once controller 41 has made the settings described 
above, a carrier is recovered in a predetermined carrier phase 
at the receiving side. Frame pattern detector 66 performs 
frame pattern detection on the signals in the four phases 
provided from QAM demapping circuit 65. The phase of the 
signal in which the frame pattern is detected is determined as 
the carrier recovery phase. Since the carrier recovery phase is 
determined at this time point, it can be determined which of 
the DC offsets at the inputs of quadrature modulator 26 is 
equivalent to the control values of automatic DC offset adjust 
ers 36a and 36b. By setting the values of DC offsets to be 
corrected at offset adjusters 24a and 24b based on the deter 
mination as in the first example, carrier leak can be adjusted. 
0127. The methods for determining the carrier phase 
described with respect to the first and third examples are 
illustrative only and other determination methods can be 
used. For example, in a system that does not use differential 
conversion for carrier recovery phase detection, a carrier 
phase that is detected by a method that can be used in the 
system may be used. 
0128. Having described the present invention with respect 
to an exemplary embodiment and examples, it should be 
understood that the present invention is not limited to the 
exemplary embodiment and examples. Various modifications 
that can be understood by those skilled in the art can be made 
to the configurations and details of the present invention 
defined in the claims without departing form the scope of the 
invention. 
0129. This application is based upon and claims the ben 

efit of priority from the prior Japanese Patent Application No. 
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2007-318444, filed on Dec. 10, 2007, the entire contents of 
which are incorporated herein by reference. 

1-15. (canceled) 
16. A radio communication apparatus comprising: 
a quadrature modulator that quadrature-modulates an out 

going signal by using a carrier wave having a frequency 
different from a frequency at a receiving side during 
carrier leak adjustment; 

a feedback unit that feeds a modulated wave resulting from 
the quadrature modulation by the quadrature modulator 
back to the receiving side; 

a quadrature demodulator that quadrature-demodulates the 
modulated wave fed back by the feedback unit; 

a phase locker that locks a phase of a signal resulting from 
the quadrature demodulation by the quadrature demodu 
lator to match the phase to a phase at the transmitting 
side; 

an offset detector that detects a direct-current offset by 
time-averaging the signal with a phase locked by the 
phase locker, 

a first offset adjuster that, on the basis of the value of the 
direct-current offset detected by the offset detector, cor 
rects a direct-current offset of the outgoing signal to be 
quadrature-modulated by the quadrature modulator; 

a third offset adjustor that corrects a direct-current offset of 
the signal on the basis of a value of a direct-current offset 
detected in the signal with the phase locked by the phase 
locker; 

a pattern generator that generates a predetermined pattern 
to be input into the direct-current modulator during car 
rier leak adjustment; and 

a pattern detector that detects the pattern in a signal in 
which a direct-current offset has been corrected by the 
third offset adjuster to determine a carrier recovery 
phase. 

17. The radio communication apparatus according to claim 
16, further comprising second offset adjuster that detects a 
direct-current offset by time-averaging a signal obtained by 
the quadrature modulator, corrects a direct-current offset of 
the signal on the basis of a detected value, and sends the 
corrected signal to the phase locker. 

18. The radio communication apparatus according claim 
16, wherein the offset detector also acts as the third offset 
adjuster. 

19. The radio communication apparatus according to claim 
16, wherein, during carrier leak adjustment, a signal of the 
pattern generated by the pattern generator is used as the 
outgoing signal to be quadrature-modulated by the quadra 
ture modulator, and the pattern detector determines as a car 
rier recovery phase a phase in which the pattern has been 
detected. 

20. The radio communication apparatus according to claim 
16, wherein the pattern generated by the pattern generator is 
inserted in the outgoing signal at regular intervals and the 
pattern detector determines as a carrier recovery phase a 
phase in which the pattern inserted at regular intervals has 
been detected. 

21. The radio communication apparatus according to claim 
20, further comprising: 

a mapping unit that rotational symmetry maps a signal in 
which the pattern has been inserted; 

a first differential converter that calculates the difference 
between adjacent symbols for the top path of the signal 
resulting from the mapping by the mapping unit and 
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sends the difference as the outgoing signal to be quadra 
ture-modulated by the quadrature modulator; 

a second differential convertor that performs the reverse of 
the operation performed by the first differential conver 
tor on an output from the third offset adjustor and out 
puts the resulting output; and 

a demapping unit that rotational-symmetry-demapps an 
output from the second differential convertor and sends 
the resulting signal to the pattern detector, 

wherein, during carrier leak adjustment, the first differen 
tial convertor and second differential convertor stop sig 
nal conversion operations. 

22. The radio communication apparatus according to claim 
16, further comprising a controller that causes the first offset 
adjustor to repeat the direct-current offset correction and 
causes the offset detector to repeat the direct-current offset 
detection until a direct-current offset detected by the offset 
detector after direct-current offset correction by the first off 
set adjustor becomes smaller than a predetermined threshold 
value. 

23. A direct-current offset adjustment method for adjusting 
a direct-current offset within an apparatus, comprising: 

at a transmitting side, 
quadrature-modulating an outgoing signal by using a 

carrier wave having a frequency different from a fre 
quency at an receiving side during carrier leak adjust 
ment; and 

feeding a modulated wave resulting from the quadrature 
modulation back to the receiving side; 

at the receiving side, 
quadrature-demodulating the fed back modulated wave; 
locking a phase of a signal resulting from the quadrature 

demodulation to match the phase of the signal to a 
phase at the transmitting side; and 

detecting a direct-current offset by time-averaging the 
phase locked signal; and 

at the transmitting side, 
correcting, on the basis of the value of the direct-current 

offset detected at the receiving side, a direct-current 
offset of the outgoing signal to be quadrature-modu 
lated; 

wherein, 
at the transmitting side, a predetermined pattern is gener 

ated and used in the outgoing signal; 
at the receiving side, 
the direct-current offset detected in the phase-locked signal 

is notified to the transmitting side and a direct-current 
offset of the signal is corrected on the basis of the direct 
current offset; and 

the pattern is detected in the signal in which the direct 
current offset has been corrected to determine a carrier 
recovery phase. 
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24. The direct-current offset adjustment method according 
to claim 23, wherein 

at the receiving side, 
the signal resulting from quadrature demodulation is 

time-averaged to detect a direct-current offset, a 
direct-current offset is corrected on the basis of the 
detected value, and processing is performed on the 
signal in which the direct-current offset has been cor 
rected to lock the phase of the signal. 

25. The direct-current offset adjustment method according 
to claim 23, wherein: 

at the transmitting side, a signal of the generated pattern is 
used as the outgoing signal during carrier leak adjust 
ment; and 

at the receiving side, a phase in which the pattern has been 
detected is determined as a carrier recovery phase. 

26. The direct-current offset adjustment method according 
to claim 23, wherein: 

at the transmitting side, the generated pattern is inserted in 
the outgoing signal at regular intervals; and 

at the receiving side, a phase in which the pattern inserted 
at the regular intervals has been detected is determined 
as a carrier recovery phase. 

27. The direct-current offset adjustment method according 
to claim 26, wherein: 

at the transmitting side, 
a signal in which the pattern has been inserted is rota 

tional-symmetry-mapped; 
a differential conversion operation is performed on the 

signal resulting from the rotational-symmetry-map 
ping to calculate the difference between adjacent 
symbols for the top path of the signal and the resulting 
signal is quadrature-modulated as the outgoing sig 
nal; 

at the receiving side, 
the reverse of the differential conversion operation is 

performed on the signal in which a direct-current 
offset has been corrected and the signal is rotational 
symmetry-demapped to detect the pattern in the sig 
nal resulting from the rotational-symmetry-demap 
ping; and 

during carrier leak adjustment, the differential conver 
sion operation and the reverse of the differential con 
version operation are stopped. 

28. The direct-current offset adjustment method according 
to claim 23, wherein: 

direct-current offset correction at the transmitting side and 
direct-current offset detection at the receiving side are 
repeated until a direct-current offset detected at the 
receiving side after direct-current offset correction at the 
transmitting side becomes Smaller than a predetermined 
threshold value. 


